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(57) ABSTRACT

Embodiments of the present invention provide an apparatus
heating and supporting a substrate in a processing chamber.
One embodiment of the present invention provides a substrate
support assembly. The substrate support assembly includes a
heated plate having a substrate supporting surface on a front
side and a cantilever arm extending from a backside of the
heated plate. The heated plate is configured to support and
heat a substrate on the substrate supporting surface. The can-
tilever arm has a first end attached to the heated plate near a
central axis of the heated plate, and a second end extending
radially outwards from the central axis.
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THIN HEATED SUBSTRATE SUPPORT

BACKGROUND

[0001] 1. Field

[0002] Embodiment of the present invention generally
relates to a method and apparatus for fabricating devices on a
semiconductor substrate. More particularly, embodiments of
the present invention provide method and apparatus for heat-
ing and supporting a substrate in a processing chamber.
[0003] 2. Description of the Related Art

[0004] During manufacturing of semiconductor devices, a
substrate is usually processed in a processing chamber, where
deposition, etching, thermal processing may be performed to
the substrate.

[0005] A semiconductor processing chamber generally
includes a chamber body defining an inner volume for pro-
cessing a substrate. A substrate support is usually disposed in
the inner volume to support the substrate during processing.
Sometimes, when the process requires the substratetobe atan
elevated temperature, a heated substrate support is generally
used in a processing chamber.

[0006] A heated substrate support usually includes a sub-
strate supporting plate for supporting and heating a substrate.
When heated, the substrate supporting plate may be at a very
high temperature. But it is generally desirable to keep the
chamber body cool during processing. To prevent the sub-
strate supporting plate from heating the chamber body, the
substrate supporting plate is usually positioned at a distance
from the chamber body and does not contact the chamber
body. A pedestal design having a supporting column extend-
ing from a center back of the substrate supporting plate is
usually to position the substrate supporting plate away from
the chamber body. The column provides structural support to
the substrate supporting plate and also provides a passage for
wirings to the substrate supporting surface. Generally, the
column extends down and out of the processing volume
through a bottom wall of the chamber body.

[0007] However, the traditional heated substrate supports
described above requires relative large inner volume in a
processing chamber and is not practical for any processing
chamber. Particularly, when a chamber volume is small or it is
not desirable to form a center opening through the bottom
wall of the chamber body, traditional heated substrate sup-
ports are not applicable.

[0008] Therefore, there is a need for methods and apparatus
for heating and supporting a substrate in a small chamber.

SUMMARY

[0009] Embodiments of the present invention generally
provide apparatus and methods for processing a substrate.
More particularly, embodiments of the present invention pro-
vide a thin heated substrate support for heating and support-
ing a substrate in a processing chamber.

[0010] Oneembodiment ofthe present invention provides a
substrate support assembly. The substrate support assembly
includes a heated plate having a substrate supporting surface
on a front side and a cantilever arm extending from a backside
of the heated plate. The heated plate is configured to support
and heat a substrate on the substrate supporting surface. The
cantilever arm has a first end attached to the heated plate near
a central axis of the heated plate, and a second end extending
radially outwards from the central axis.
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[0011] Another embodiment of the present invention pro-
vides substrate support assembly that includes a heated plate
having a front side and a backside, a heating element disposed
in the heated plate, and at least one bi-metal joint thermally
isolating the heated plate.

[0012] Another embodiment of the present invention pro-
vides a chamber for processing a substrate. The chamber
includes a chamber body defining a chamber volume therein
and a substrate support assembly disposed in the chamber
volume. The substrate support assembly includes a heated
plate having a substrate supporting surface on a front side and
a cantilever arm extending from a backside of the heated
plate. The heated plate is configured to support and heat a
substrate on the substrate supporting surface. The cantilever
arm has a first end attached to the heated plate near a central
axis of the heated plate, and a second end extending radially
outwards from the central axis.

[0013] Yet another embodiment of the present invention
provides a method for processing a substrate. The method
includes placing the substrate a substrate supporting surface
of a substrate support assembly. The substrate support assem-
bly is supported by a thermal insert disposed in a processing
chamber so that the substrate support assembly does not
directly contact a chamber body. The substrate support
assembly includes a heated plate having the substrate sup-
porting surface on a front side and a cantilever arm extending
from a backside of the heated plate. The heated plate is con-
figured to support and heat a substrate on the substrate sup-
porting surface. The cantilever arm has a first end attached to
the heated plate near a central axis of the heated plate, and a
second end extending radially outwards from the central axis.
The method further includes and heating the substrate using
the heated plate. includes cooling the chamber body by sup-
plying a cooling fluid to a cooling adaptor connected to the
heated support assembly and the chamber body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] So that the manner in which the above recited fea-
tures of the present invention can be understood in detail, a
more particular description of the invention, briefly summa-
rized above, may be had by reference to embodiments, some
of which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

[0015] FIG. 1 is a schematic sectional view of a load lock
chamber having a heated substrate support assembly accord-
ing to one embodiment of the present invention.

[0016] FIG. 2 is a schematic top view of a load lock cham-
ber having a heated substrate support assembly according to
one embodiment of the present invention.

[0017] FIG. 3 is an exploded view of a heated substrate
support assembly according to one embodiment of the
present invention.

[0018] FIG. 4 is a partial exploded view of the heated sub-
strate support assembly of FIG. 3.

[0019] FIG. 5A is a top view of a lower plate for a heated
substrate support assembly according to one embodiment of
the present invention.

[0020] FIG. 5B is asectional view of the lower plate of FIG.
5A.
[0021] FIG. 5C is a bottom view of the lower plate of FIG.
5A.
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[0022] FIG. 6 is a schematic perspective view of the wiring
of the heated substrate support assembly according to one
embodiment of the present invention.

[0023] FIG. 7 is a schematic sectional view of a heater
according to one embodiment of the present invention.
[0024] FIG. 8 is a partial sectional view showing a bi-metal
connection in a vacuum path in the heated substrate support
assembly according to one embodiment of the present inven-
tion.

[0025] FIG.9is a partial sectional view showing a bi-metal
connection in an extension tube of the heated substrate sup-
port assembly according to one embodiment of the present
invention.

[0026] FIG. 10A is a partial sectional view showing a ther-
mal insert according one embodiment of the present inven-
tion.

[0027] FIGS. 10B and 10C are perspective views of the
thermal insert shown in FIG. 10A.

[0028] FIG.11A is apartial sectional view showing a cool-
ing adaptor according to one embodiment of the present
invention.

[0029] FIG. 11B is a perspective view of the cooling adap-
tor shown in FIG. 11A.

[0030] To facilitate understanding, identical reference
numerals have been used, where possible, to designate iden-
tical elements that are common to the figures. It is contem-
plated that elements disclosed in one embodiment may be
beneficially utilized on other embodiments without specific
recitation

DETAILED DESCRIPTION

[0031] Embodiments of the present invention provide
apparatus and methods for supporting and heating a substrate
in a substrate processing chamber. More particularly,
embodiments of the present invention relate to a heated sub-
strate support assembly for use in a processing chamber. The
heated substrate support assembly can be used in other pro-
cessing chambers. However, the heated substrate support
assembly is particularly beneficial to chambers with small in
volume where the low profile of the heated substrate support
assembly allows for smaller chamber volumes, and conse-
quently faster pumping using smaller, less costly pumps. For
example, the heated substrate support assembly can be used
in a load lock chamber for heating and supporting a substrate.
The heated substrate support assembly allows the load lock
chamber to perform halogen removal or ashing process, thus,
improving system throughput without having any impact on
abatement or photoresist removal process.

[0032] Embodiments ofthe present invention provide a thin
heated substrate support assembly including a heating ele-
ment. In one embodiment, the heating element is configured
to heat up to 300 degrees Celsius. The heated substrate sup-
port assembly may be made of aluminum, bi-metal joints, and
stainless steel. By combining aluminum, bi-metal and stain-
less steel, an improved temperature uniformity and reduced
heat transfer between the heated substrate support assembly
and the chamber body are obtained, while allowing faster
heater response with less wattage.

[0033] Inone embodiment, a bellows is used in the heated
substrate support to provide flexibility and thermal break
which prevents lateral forces due to thermal expansion from
stressing and/or displacing the substrate support assembly. In
one embodiment, the heated substrate support includes a
pumping pipe for vacuum chuck.
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[0034] In one embodiment, a heated plate of the substrate
support assembly is secured inside the chamber body along
with an insulator which eliminates direct contact between the
heated plate and the chamber body. In one embodiment, a
cooling adaptor is connected to both the substrate support
assembly and the chamber body near where the substrate
support assembly exits the chamber body. The cooling adap-
tor provides heat insulation between the chamber body and
the substrate support assembly and vacuum seal to the cham-
ber, while allowing faster heater response with less wattage.
[0035] FIG. 1 is a schematic sectional view of a dual load
lock chamber 100 according to one embodiment of the
present invention. The dual load lock chamber 100 includes
anupper chamber volume 120 for transferring and processing
a substrate 104, and a lower chamber volume 110 for trans-
ferring a substrate 104. The upper chamber volume 120 and
the lower chamber volume 110 are vertically stacked and are
fluidly isolated from one another. Each of the each of the
lower and upper load lock volumes 110, 120 may be selec-
tively connectable to two separate environments through two
openings configured for substrate transferring, for example
an atmospheric environment of a factory interface and a
vacuum environment of a transfer chamber.

[0036] The dual load lock chamber 100 includes a chamber
body 103. In one embodiment, the chamber body 103
includes an upper chamber body 121 and a lower chamber
body 111 coupled together to define the upper and lower
chamber volumes 120, 110 and pumping channels.

[0037] The dual load lock chamber 100 may include a
showerhead 129, a heated substrate support assembly 132,
and a lift hoop assembly 144 disposed within the upper cham-
ber volume 120. The showerhead 129 is disposed over the
heated substrate support assembly 132, while the lift hoop
assembly 144 is configured to confine a processing environ-
ment in the upper chamber volume 120, as well as load and
unload substrates. The dual load lock chamber 100 may
include supporting pins 113 for supporting a substrate in the
lower chamber volume 110.

[0038] The upper chamber volume 120 is defined by side-
walls 124 of the upper chamber body 121, a lid liner 127
disposed over the sidewalls 124, a bottom wall 123 of the
upper chamber body 121, and an upper wall 118 of the lower
chamber body 111. The lid liner 127 has an inner lip 1274
holding a showerhead 129 and a source adapter plate 128. The
source adapter plate 128 has a central opening 128a matches
with a central opening 129 of the showerhead 129. A remote
plasma source 130 is in fluid communication with the upper
chamber volume 120 through a quartz insert 131 and the
showerhead 129.

[0039] The remote plasma source 130 is generally con-
nected to one or more gas panels. In one embodiment, the
remote plasma source 130 is connected to a first gas panel 101
configured for providing processing gases for an abatement
process to remove residual material after etching and a second
gas panel 102 configured for providing processing gases for
an ashing process to remove photoresist.

[0040] The dual load lock chamber 100 further includes a
heated substrate support assembly 132 disposed in the upper
chamber volume 120 for supporting and heating the substrate
104. A focus ring 151 may be disposed on an outer edge of the
heated substrate support assembly 132. The focus ring 151
functions to retain the substrate 104 and to modify processing
rate around an edge area of the substrate 104 during process-
ing.
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[0041] The dual load lock chamber 100 also includes the
lift hoop assembly 144 for transfer substrates between exte-
rior robots and the heated substrate support assembly 132 and
for providing a symmetrical processing environment in the
upper chamber volume 120. The lift hoop assembly 144
include a ring-shaped hoop body 146 disposed within the
upper chamber volume 120 around the heated substrate sup-
port assembly 132. The hoop body 146 is coupled to a lift 160
disposed in an outer region of the upper chamber volume 120.
The lift 160 moves the hoop body 146 vertically within the
upper chamber volume 120.

[0042] A hoop liner 145 is attached to the hoop body 146.
The hoop liner 145 extends vertically upwards from the hoop
body 146. In one embodiment, the hoop liner 145 is a ring
having a substantially flat cylindrical inner wall 1454. In one
embodiment, the inner wall 145a of the hoop liner 145 has a
height 1456 much greater than the thickness of the heated
substrate support assembly 132 and an inner diameter greater
than the outer diameters of the heated substrate support
assembly 132 and the showerhead 129 so that the hoop liner
145 can create a processing environment around the heated
substrate support assembly 132 and the showerhead 129
when the hoop liner 145 is in the lowered position. The
cylindrical inner wall 145a of the hoop liner 145 creates a
circular confinement wall within the upper chamber volume
120 around the substrate 104 and the region immediately
above the heated substrate support assembly 132, therefore,
providing a symmetrical processing environment for the sub-
strate 104.

[0043] Three or more lifting fingers 147 are attached to the
hoop body 146. The lifting fingers 147 extend vertically
downwards and radially inwards from the hoop body 146.
The lifting fingers 147 are configured to transfer substrates
between the heated substrate support assembly 132 and sub-
strate transfer devices, such as robots, outside the upper
chamber volume 120. Tips 1474 of the lifting fingers 147
form a substrate support surface configured to support the
substrate 104 at several points near an edge region of the
substrate 104.

[0044] FIG. 1 shows the lift hoop assembly 144 in a lower
position for substrate processing. As the hoop body 146 rises
to the upper position, the lifting fingers 147 move to contact
with and lift the substrate 104 from the heated substrate
support assembly 132. While the hoop body 146 is at the
upper position, external substrate transferring device (not
shown) can enter the upper chamber volume 120 through one
of the ports to remove the substrate 104 from the lifting
fingers 147 and subsequently place a new substrate 104 onto
the lifting fingers 147. When the hoop body 146 is in the lower
position again, the new substrate 104 positioned on the lifting
fingers 147 is placed on the heated substrate support assembly
132 for processing.

[0045] A more detailed description of the upper and lower
chamber bodies can be found in U.S. Provisional Patent
Application Ser. No. 61/448,027, filed Mar. 1, 2011, entitled
“Abatement and Strip Process Chamber in a Dual Load Lock
Configuration” (Docket No. 15751 L).

[0046] A more detailed description of the lift hoop assem-
bly 144 can be found in U.S. Provisional Patent Application
Ser. No. 61/448,012, filed Mar. 1, 2011, entitled “Method and
Apparatus for Substrate Transfer and Radical Confinement”
(docket No. 15745).

[0047] The heated substrate support assembly 132 is con-
figured to fit in the upper chamber volume 120 of the dual load
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lock chamber 100. The heated substrate support assembly
132 is installed to be substantially thermally insulated from
the chamber body 103. In one embodiment, the heated sub-
strate support assembly 132 is configured to heat the substrate
104 up to 300 degrees Celsius while the chamber body 103
remains cool, for example, the chamber body 103 remains at
a temperature below 65 degrees Celsius.

[0048] The heated substrate support assembly 132 has a
plate and cantilever arm configuration to fit in a small cham-
ber volume. The heated substrate support assembly 132 gen-
erally includes a heated plate 1325 for supporting the sub-
strate 104, and a cantilever tube 136 extending from the
heated plate 1325.

[0049] In one embodiment, the heated plate 1326 may
include an upper heater plate 133, a lower heater plate 134
attached to the upper heater plate 133, and a heater 135
disposed between the upper heater plate 133 and the lower
heater plate 134. In one embodiment, the heater 135 may be
disposed in channels formed on an upper surface of the lower
heater plate 134 and/or a lower surface of the upper heater
plate 133. The heater 135 may be a resistive heater or conduits
arranged to flow a heat transfer fluid. The upper heater plate
133 and the lower heater plate 134 may be joined together by
bolts, welding or brazing. In one embodiment, the upper
heater plate 133 and the lower heater plate 134 may be formed
from metal, such as aluminum. The upper heater plate 133
and the lower heater plate 134 may have the same thickness so
that the heated substrate support assembly 132 does not warp
upon heating.

[0050] The upper heater plate 133 is configured to support
the backside 10454 of the substrate 104. In one embodiment,
the lower heater plate 134 has an outer diameter larger than
the outer diameter of the upper heater plate 133. A focus ring
151 may be disposed on an outer edge 134a of the lower
heater plate 134 exposed radially outwards of the upper heater
plate 133. The focus ring 151 surrounds the upper heater plate
133 and the substrate 104 disposed thereon. The focus ring
151 functions to retain the substrate 104 and to modify pro-
cessing rate around an edge area of the substrate 104 during
processing. In one embodiment, the focus ring 151, the upper
and lower heater plates 133, 134 may have matching cut outs
155 configured to provide passage for lift fingers 147.
[0051] Theheated substrate support assembly 132 does not
directly contact the chamber body 103 to reduce thermal
exchange with the chamber body 103. In one embodiment,
the heated substrate support assembly 132 is mounted on a
thermal insulator 143 disposed on the upper wall 118 of the
lower chamber body 111 through a central opening 123a in
the bottom wall 123 of the upper chamber body 121. In one
embodiment, a recess 118a may be formed on the upper wall
118 of the lower chamber body 111. The recess 1184 may
allow vacuum ports formed in the lower chamber body 111 to
connect with the upper chamber volume 120. The thermal
insulator 143 may be formed from a thermal insulative mate-
rial, such as a ceramic, to prevent thermal exchange between
the heated substrate support assembly 132 and the chamber
body 103 including both the upper chamber body 121 and the
lower chamber body 111.

[0052] Thethermal insulator 143 is positioned to center the
heated substrate support assembly 132 relative to other com-
ponents in the upper chamber volume 120, for example the
showerhead 129, and the lift hoop assembly 144. In one
embodiment, the thermal insulator 143 aligns with a central
axis 132a of the heated substrate support assembly 132 to
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ensure that the heated substrate support assembly 132
remains centered during thermal expansion.

[0053] The cantilever tube 136 extends from a backside
13454 near the center of the lower heater plate 134. The can-
tilever tube 136 extends radially outwards to connect with an
extension tube 137 disposed through an opening 153 of the
upper chamber body 121 and an opening 152 of the lower
chamber body 111. In one embodiment, the extension tube
137 may be extended vertically downward from the cantilever
tube 136. The tubes 136, 137 do not contact (e.g., are spaced
apart from) the upper chamber body 121 or the lower chamber
body 111 to further avoid heat exchange between the heated
substrate support assembly 132 and the chamber bodies 111,
121. The cantilever tube 136 and the extension tube 137
provide a passage for power supplies, sensors and other wir-
ing to be used by the heated substrate support assembly 132.
In one embodiment, a heater power source 138, a sensor
signal receiver 139 and a chucking control unit 140 are wired
to the heated substrate support assembly 132 through the
passage in the cantilever tube 136 and the extension tube 137.
In one embodiment, the chucking control unit 140 is config-
ured to provide a vacuum chucking mechanism.

[0054] A cooling adaptor 141 is coupled to the extension
tube 137 from outside of the lower chamber body 111. The
cooling adaptor 141 has cooling channels 141a formed
therein. A source for cooling fluid 142 is connected to the
cooling channels 1414 to provide cooling to the cooling adap-
tor 141 and the extension tube 137, the cantilever tube 136,
and other components of the heated substrate support assem-
bly 132. The cooling adapter 141 generally stays cool during
processing, thus, functioning as a thermal insulator between
the heated substrate support assembly 132 and the chamber
body 103.

[0055] In one embodiment, bi-metal connectors may be
used for connecting various parts of the heated substrate
support assembly 132 to provide thermal breaks which sub-
stantially reduces heat transfer between the heated substrate
support assembly 132 and the chamber body 103. The
reduced heat transfer between the heated substrate support
assembly 132 and the chamber body 103 allows for faster
heater response time, more accurate temperature control and
less wattage needed to heat and maintain the temperature of
the substrate support assembly 132.

[0056] FIG. 2 schematically illustrates a top view of dual
load lock chamber 100 with the showerhead 129 removed
showing a top view of the heated substrate support assembly
132. Two openings 225 are formed through the sidewalls 124
to allow substrate transferring and passage of external robots.
A slitvalve door may be attached outside of each opening 225
thus providing interface between the upper chamber volume
120 and two processing environments.

[0057] FIG. 3 is an exploded view of a heated substrate
support assembly 300 according to one embodiment of the
present invention. The heated substrate support assembly 300
may be utilized as the heated substrate support assembly 132.
The heated substrate support assembly 300 generally has a
substrate supporting plate supported by a cantilever structure.
[0058] Theheated substrate support assembly 300 includes
an upper heater plate 310 having a substrate supporting sur-
face 311. The upper heater plate 310 has a substantially disk
shape. The substrate supporting surface 311 is substantially
planar for contacting a substrate. A vacuum chuck opening
312 is formed through the upper heater plate 310. A web of
chucking channels 313 are formed on the substrate support-
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ing surface 311. The chucking channels 313 are fluidly con-
nected to the vacuum chuck opening 312 to allow removal of
air or gas between a substrate and the substrate supporting
surface 311.

[0059] Inone embodiment, one or more openings 314 may
be formed through the upper heater plate 310 near the center
to allow the heated substrate support assembly 300 to be
bolted to a processing chamber.

[0060] Theheated substrate support assembly 300 includes
a lower heater plate 320 having a disk shaped body 321 and a
hollow column 326. The upper heater plate 310 is attached to
an upper side 321a of the body 321. The upper heater plate
310, the body 321 of the lower heated plate 320, and a heating
element 301 form a heated plate 308 for supporting and
heating a substrate thereon.

[0061] The upper heater plate 310 and the lower heater
plate 320 are joined together with the heating element 301
embedded therebetween. The heating element 301 may be
arranged in a channel formed in the lower heater plate 320
and/or the upper heater plate 310 to uniformly heat a substrate
on the upper heater plate 310. In one embodiment, as shown
in FIG. 3, a spiral shaped channel 329 is formed in the upper
side 3214 of the body 321 of the lower heater plate 320. A
sensing assembly 305 including one or more sensors may also
be embedded between the upper and lower heater plates 310,
320.

[0062] The upper heater plate 310 and the lower heater
plate 320 may be joined by various methods, for example by
bolting, welding or brazing. The upper heater plate 310 and
the lower heater plate 320 are generally formed for thermally
conductive material, such as metals. In one embodiment, both
the upper heater plate 310 and the lower heater plate 320 are
formed from aluminum with improved uniformity in heating.
The aluminum upper heater plate 310 and lower heater plate
320 may be joined together by brazing.

[0063] The hollow column 326 extends from a lower side
3215 of the body near a center axis 323 of body 321 of the
lower heater plate 320. A cantilever arm 322 extends from the
hollow column 326 radially outwards. The cantilever arm 322
is substantially parallel to the upper and lower heater plates
310, 320. In one embodiment, a distal end 325 of the canti-
lever arm 322 may extend radially outside an outer edge 321c¢
of'the body 321.

[0064] The cantilever arm 322 and the hollow column 326
form a recess 324 for housing the wirings to the upper and
lower heater plates 310, 320. In one embodiment, the recess
324 holds a heating lead 302 connected to the heating element
301 disposed on the lower heater plate 320, a pumping pipe
304 connected to the vacuum chuck opening 312 through a
pumping joint 303, and a sensor lead 306 connected to the
sensing assembly 305 on the upper heater plate 310 and/or the
lower heater plate 320.

[0065] In one embodiment, a central column 327 extends
from the backside 3215 of the body 321 within the hollow
column 326 along the central axis 323. In one embodiment,
one or more openings 328 may be formed through the central
column 327 for bolting the lower heater plate 320 to a pro-
cessing chamber or components of a processing chamber.
[0066] A back cover 330 is attached to the lower heater
plate 320 to close the recess 324 so that the wirings inside the
recess 324 are not exposed to the processing environment.
The back cover 330 and the lower heater plate 320 may be
formed from the same material to obtain a uniform tempera-
ture profile and to reduce deformation in the joint structure
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caused by thermal expansion. In one embodiment, both the
back cover 330 and the lower heater plate 320 are formed
from aluminum and joined together by welding.

[0067] The back cover 330 may have an opening 331 to
allow the lower heater plate 320 to contact a thermal isolator
390, which anchors the heated substrate support assembly
300 in a processing chamber without direct contact. In one
embodiment, the thermal isolator 390 has one or more open-
ings 391 formed therein to allow the upper and lower heater
plates 310, 320 attached by bolting. The upper and lower
heater plates 310, 320 may be attached to the thermal isolator
390 or to a processing chamber through the thermal isolator
390. The embodiment shown in FIG. 3, screws 392 may be
used to bolt the upper and lower heater plates 310, 320 to the
thermal isolator 390 through openings 314, 328 and 391.
[0068] The back cover 330 may include an opening 332
near the dismal end of the cantilever arm 322. The opening
332 allows the heating lead 302, the pumping pipe 304, and
the sensor lead 306 to exit the recess 324.

[0069] In one embodiment, a joint 340 is connected to the
back cover 330 around the opening 332. The joint 340, a
bellows 350, and a flange 370 form an extension tube 307
extending from the cantilever arm 322. The extension tube
307 is configured to house the heating lead 302, the pumping
pipe 304, and the sensor lead 306 within a processing envi-
ronment.

[0070] The joint 340 is configured to structurally connect
the cantilever arm 322 of the lower heater plate 320 and an
upper end 351 of the bellows 350. The bellows 350 provides
flexibility to accommodate changes in size and shape of the
cantilever arm 322, the joint 340 and the flange 370 caused by
temperature change.

[0071] In one embodiment, the bellows 350 are formed
from material with tensile strength suitable for standing high
stress level in the convolutions of the bellows 350. In one
embodiment, the bellows 350 is formed from stainless steel.
[0072] Inone embodiment, the joint 340 is a stainless steel
and aluminum bi-metal joint configured to join the stainless
bellows 350 and the aluminum cantilever arm 322. The bi-
metal joint allows the heated substrate support assembly 300
to have the superb thermal conductivity of aluminum in the
heating portion and the strength of stainless steel in the struc-
tural supporting portion. Additionally, the bi-metal joint
allows for faster heater response time, more accurate tem-
perature control and less wattage needed to heat and maintain
the temperature of the heated substrate support assembly 300.
[0073] The flange 370 is attached to a lower end 352 of the
bellows 350. The flange 370 may be formed from the same
material as the bellows 350, for example formed from stain-
less steel. The flange 370 may have a central opening 371 to
allow the heating lead 302, the pumping pipe 304 and the
sensing lead 306 passing therethrough. In one embodiment,
an insert 372 may be disposed within the central opening 371
to provide a seal.

[0074] A tube guide 360 may be disposed under the insert
372 along the at least one of the heating lead 302, the pumping
pipe 304 and the sensing lead 306 to provide guide and
additional cooling. In one embodiment, the tube guide 360
may be formed from aluminum and bolted to the flange 370.
[0075] When the heated substrate support assembly 300 is
installed in a processing chamber, the flange 370 is configured
to dispose in a chamber opening without contacting the cham-
ber so that no direct thermal exchange occurs between the
heated substrate support assembly 300 and the chamber body.
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[0076] A cooling adaptor 380 is configured to attach to the
flange 370 and the chamber body from outside the chamber.
The cooling adaptor 380 may have one or more cooling
channels 381 formed therein and connected to a cooling fluid
source. The cooling adaptor 380 thermally connects the
chamber body and the heated substrate support assembly 300.
Therefore, any heat from the flange 370 of the heated sub-
strate support assembly 300 maybe absorbed by the cooling
fluid in the adaptor 380 before propagating towards the cham-
ber body. Therefore, the cooling adaptor 380 acts as thermal
insulation between the heated substrate support assembly 300
and the chamber body.

[0077] FIG. 4 is a partial exploded bottom view of the
heated substrate support assembly 300 of FIG. 3. As shown in
FIG. 4, the heating lead 302, the pumping pipe 304 and the
sensing lead 306 are disposed in the recess 324 formed by the
cantilever arm 322 and the hollow column 326. A lower
opening 3274 may be formed in a lower surface 3275 of the
central column 327. The lower opening 3274 matches and
receives the thermal isolator 390. Even though the lower
opening 327a is described for matching with the thermal
isolator 390, other structures, for example dowel pins,
notches, may be used to achieve the purpose.

[0078] FIGS. 5A, 5B, and 5C are top view, sectional view,
and bottom view of the lower heater plate 320 respectively
according to one embodiment of the present invention. A
through hole 501aq is formed through the body 321 to allow
the heating element 301 entering into the channels 329
formed in the top surface 3214 of the body 321. A through
hole 503a is formed through the body 321 to connect with the
pumping joint 303. One or more sensing holes 5054 may be
formed through the body 321 to allow the sensing lead 306 to
connect with one or more sensors of the sensing assembly
305.

[0079] Inone embodiment, three or more notches 521 may
be formed along the edge 321c¢ of the body 321 to allow
passage of a substrate transfer device, such as the lifting
fingers 147 ofthe dual load lock chamber 100 to a level below
the substrate support surface of the body 321. In one embodi-
ment, three notches 521 are formed through the body 321
with one notch 521 positioned on one side and the other two
notches 521 positioned in on the opposite side proximate the
cantilever arm 322. The two notches 521 allow the lifting
fingers 147 to pass below the substrate support surface of the
body 321 and set the substrate on the substrate support surface
of'the body 321.

[0080] FIG. 6 is a schematic perspective view of the wiring
without surrounding structures of the heated substrate sup-
port assembly 300 according to one embodiment of the
present invention.

[0081] In one embodiment, the heating element 301 is
winded in a substantially planar spiral pattern for providing a
uniform heating across the substrate supporting surface 311
of the upper heater plate 310.

[0082] FIG. 7 is a schematic sectional view of the heating
element 301 according to one embodiment of the present
invention. The heating element 301 generally includes a
heater wire 701 forming a loop within a sheath 702. Insulation
703 is filled within the sheath 702. In one embodiment, the
heater wire 701 may have a resistance of about 24.7 ohms at
70 degrees Fahrenheit. The heater wire 701 may be config-
ured to have a heating power of about 2100 watts at 230 volts.
The insulation 703 may have a resistance of greater than 1000
mega ohms at 70 degrees Fahrenheit under about 500 volts. In
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one embodiment, the sheath 702 may be formed from a high
temperature alloy, for example from INCONEL® 600. While
assembled, a heated portion 704 wherein the heater wire 701
is looped is disposed within the channels 329 of the lower
heater plate 320 and a cool portion 705 where no resistive
heater wire is present is disposed within the recess 324. An
end closure 707 may be used to join the heater wire 701 and
leads 706, which is configured to connect with a power
source. In one embodiment, the end closure 707 is formed
from ceramic cement potting and epoxy seal.

[0083] The sensing assembly 305 may include one or more
sensors disposed in the upper heater plate 310 and/or the
lower heater plate 320. In one embodiment, the sensing
assembly 305 may include a thermal couple configured to
measure temperature of the upper heater plate 310 and/or the
lower heater plate 320.

[0084] The pumping joint 303 is configured to provide a
vacuum sealed connection between the pumping pipe 304,
the through holes 5034 and the vacuum chuck opening 312 of
the lower and upper heater plates 320 and 310.

[0085] The pumping pipe 304 is generally formed from
stainless steel. In the embodiments which the lower heater
plate 320 is formed from aluminum, the pumping joint 303 is
formed from aluminum-stainless steel bi-metal. The bi-metal
pumping joint 303 contributes to the thermal isolation of the
heated substrate support assembly 300.

[0086] FIG. 8 is a partial sectional view showing a bi-metal
pumping joint 303 in the heated substrate support assembly
300 according to one embodiment of the present invention.
The bi-metal pumping joint 303 includes a first portion 801
formed from a first metal, and a second portion 802 formed
from a second metal, different from the first metal. The first
portion 801 and the second portion 802 may be bolded by
explosion welding. In explosion welding, two dissimilar met-
als are forced together using the energy of detonating explo-
sive that exerts a pressure of several million pounds per square
inch resulting in a welding bond which is stronger than the
weaker one of the two dissimilar metals.

[0087] In one embodiment, the first portion 801 is formed
from aluminum, and the second portion 802 from stainless
steel. The aluminum first portion 801 can be welded on the
back surface of the 3215 of the lower heater plate 320, which
is made of aluminum. The stainless steel second portion 802
can be welded with a horizontal portion 803 of the pumping
pipe 304 which is formed by stainless steel. As a result, the
bi-metal pumping joint 303 allows the stainless steel pump-
ing pipe 304 to bond with the aluminum lower heater plate
320. By using the bi-metal pumping joint 303, the lower
heater plate 320 contacts only aluminum which helps main-
taining temperature uniformity and the pumping pipe 304 can
be made by stainless steel which provides strong structure
support for the vacuum channel therein.

[0088] As discussed above, the joint 340 may also be a
bi-metal joint used to join two dissimilar metals. FIG. 9 is a
partial sectional view showing a bi-metal connection in an
extension tube of the heated substrate support assembly 300
according to one embodiment of the present invention. The
joint 340 may include a first portion 902 formed from alumi-
num, and a second portion 903 formed from stainless steel.
The aluminum first portion 902 can be welded onto the back
cover 330, which is made of aluminum. The stainless steel
second portion 903 can be welded onto the upper end 351 of
the bellows 350, which is formed by stainless steel. The
bi-metal joint 340 allows stainless steel structures, which are
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strong and flexible, to connect bond with the aluminum lower
heater plate 320, which provides uniform heating. The bi-
metal joint 340 also contributes to the thermal isolation of the
substrate support 300, the advantages of which have been
discussed above.

[0089] Also showninFIG. 9, an elbow 901 may be used to
join the horizontal portion 803 and the vertical portion 904 of
the pumping pipe 304.

[0090] The heated substrate support assembly 300 accord-
ing to embodiments of the present invention also improves
thermal insulation between the heated components and the
chamber body in which the heated substrate support assembly
300 is installed. Particularly, the heated substrate support
assembly 300 does not directly contact a chamber body in
which it is installed.

[0091] The thermal isolator 390 is used to position the
heated substrate support assembly 300 within a chamber
body. FIG. 10A is a partial sectional view showing the ther-
mal isolator 390 and the heated substrate support assembly
300 disposed on a chamber body 1010. FIGS. 10B and 10C
are perspective views of the thermal isolator 390 according
one embodiment of the present invention.

[0092] The thermal isolator 390 may include an upper por-
tion 1003 configured to align with the heated substrate sup-
port assembly 300 and a lower portion 1004 configured to
align with the chamber body 1010. In one embodiment, the
upper portion 1003 has a substantially cylindrical shape and
the lower portion 1004 also has a substantially cylindrical
shape. The upper portion 1003 may fit in the lower opening
327a of the lower heater plate 320 and the lower portion 1004
may fit in a recess 1011 formed in the chamber body 1010.
The upper portion 1003 may have a larger diameter than the
lower portion 1004 to allow a bottom surface 1003a of the
upper portion 1003 to rest on the chamber body 1010. The
height ofthe upper portion 1003 is longer than the depth of the
lower opening 327a of the lower heater plate 320 so that when
the heated substrate support assembly 300 rests on the ther-
mal isolator 390 as shown in FIG. 10A, a gap 1001 is formed
between the chamber body 1010 and the heated substrate
support assembly 300. As a result, the heated substrate sup-
port assembly 300 does not directly contact the chamber body
1010. In one embodiment, the gap 1001 is about 0.1 inch.

[0093] Inoneembodiment, the lower opening 327a may be
in-line (i.e., concentric) with a central axis 300a of the heated
substrate support assembly 300 and the recess 1011 may
formed in-line with a central axis 1012 of the chamber body
1010, thus, the thermal isolator 390 aligns the central axis
300q of the heated substrate support assembly 300 with the
central axis 1012 of the chamber body 1010. This configura-
tion of central alignment allows unrestricted radial thermal
expansion of the heated substrate support assembly 300
within displacement relative to the central axis, thus, enhanc-
ing process uniformity of substrates processed within the
processing chamber.

[0094] Inoneembodiment, one or more throughholes 1002
may be formed through the thermal isolator 390 to allow one
or more screws 1005 passing through. The one or more
screws 1005 may be used to bolt the heated substrate support
assembly 300 onto the chamber body 1010.

[0095] Each one of the one or more screws 1005 may be
bolted to the chamber body 1010 through a thermal liner
1007. An insulator 1008 may be disposed between the screw
1005 and the lower heater plate 320. In one embodiment,
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screw covers 1006 may be disposed within the openings 314
and 328 of the upper and lower heater plates 310 and 320 to
cover the screws 1005.

[0096] The thermal isolator 390, the insulators 1008, and
the thermal liners 1007 are formed from thermal insulative
material, such as a ceramic. In one embodiment, the screws
1005 may be formed from titanium. The screw covers 1006
may be formed from the same material as of the upper heater
plate 310, such as aluminum.

[0097] Embodiments of the present invention also provide
a cooling adaptor to connect between the chamber body and
components of the heated substrate support assembly at the
exit point of the heated substrate support assembly to avoid
direct contact between the heated substrate support assembly
and the chamber body.

[0098] FIG. 11A is a partial sectional view showing the
cooling adaptor 380 connecting with a chamber body 1110
and the flange 370 of the heated substrate support assembly
300 according to one embodiment of the present invention.
FIG. 11B is a perspective view of the cooling adaptor 380.
[0099] The cooling adaptor 380 has a cooling body 1101.
The cooling body 1101 may be formed from a thermal con-
ductive material, such as stainless steel or aluminum. In one
embodiment, the body 1101 may be substantially cylindrical
having an upper surface 1101a configured for contacting the
flange 370 of the heated substrate support assembly 300 and
a chamber body 1110 of the processing chamber the heated
substrate support assembly 300 is disposed in. Two glands
1102, 1103 may be formed on the upper surface 1101a. The
glands 1102, 1103 are configured to receive sealing rings
11024, 11034 to form vacuum seal with the chamber body
1110 and with the flange 370 respectively.

[0100] A central opening 1109 is formed through the cool-
ing body 1101 to allow the heating lead 302, the pumping pipe
304 and the sensing lead 306 of the heated substrate support
assembly 300 to exit. Screw holes 1104 may be formed near
an outer portion of the cooling body 1101 so that the cooling
body 1101 can be bolted to the chamber body 1110 using
screws 1114. Screw holes 1105 may be formed in the cooling
body 1101 near the central opening 1109 so that the flange
370 can be attached to the cooling body 1101 by screws 1115.
[0101] A cooling channel 1108 is formed within the cool-
ing body 1101. The cooling channel 1108 is connected to an
inlet 1106 and an outlet 1107. The inlet 1106 and the outlet
1107 may be connected to a cooling fluid source 1120 so that
cooling fluid may be circulated within the cooling channel
1108 to control the temperature of the cooling body 1101.
[0102] The heated substrate support assembly 300 is dis-
posed within the chamber body 1110 and the heating lead
302, the pumping pipe 304, and the sensing lead 306 exit the
chamber body 1110 through an opening 1111 formed through
the chamber body 1110. The opening 1111 is large enough to
accommodate the flange 370 that a gap 1113 is formed
between the flange 370 and other components of the heated
substrate support assembly 300 and the chamber body 1110.
The gap 1113 ensures substantially no thermal conduction
between the flange 370 and chamber body 1110.

[0103] The cooling adaptor 380 is disposed outside the
chamber body 1110. In one embodiment, the central opening
1109 of the cooling adaptor 380 is aligned with the opening
1111 of the chamber body 1110 so that the cooling body 1101
covers the opening 1111 in the chamber body 1110 and the
flange 370 of the heated substrate support assembly 300 is
attached to the cooling body 1101.
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[0104] In this configuration, the temperature controlled
cooling body 1101 directly contacts the chamber body 1110
and the heated substrate support assembly 300 while the
chamber body 1110 and the heated substrate support assem-
bly 300 do not contact each other. Any heat from the flange
370 of the heated substrate support assembly 300 is first
absorbed by the cooling body 1101 which exchanges thermal
energy with the cooling fluid in the cooling channel 1108.
Therefore, the cooling adaptor 380 acts as thermal insulation
between the heated substrate support assembly 300 and the
chamber body 1110.

[0105] Thermal simulations demonstrate that by flowing
water at 25 degree Celsius to the cooling channels 1108, the
temperature of the chamber body 1110 can be maintained
lower than 65 degrees Celsius when the heated substrate
supportassembly 300 is at a temperature of about 300 degrees
Celsius.

[0106] Even though embodiments of the present invention
are described above in application of load lock chambers,
embodiments of the present invention can be applied to any
process chamber. Particularly, embodiments of the present
invention are useful in chambers having small processing
area or two or more openings for substrate transfer.

[0107] While the foregoing is directed to embodiments of
the present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

1. A substrate support assembly, comprising:

a heated plate having a front side and a backside, the front
side including a substrate supporting surface;

a heating element disposed in the heated plate; and

a cantilever arm extending from the backside of the heated
plate, wherein the cantilever arm has a first end attached
to the heated plate near a central axis of the heated plate,
and a second end extending radially outwards from the
central axis.

2. The substrate support assembly of claim 1 further com-

prising:

a thermal isolator coupled to the backside of the heated
plate at the central axis of the heated plate, wherein
thermal isolator extends through an opening in the can-
tilever arm.

3. The substrate support assembly of claim 1, further com-
prising a bi-metal joint configured to thermally isolate the
heated plate, wherein the bi-metal joint comprises a first
portion formed from a first metal and a second portion formed
from the second metal dissimilar to the first metal.

4. The substrate support assembly of claim 3, further com-
prising an extension tube attached to the cantilever arm near
the second end, wherein the bi-metal joint connects between
the cantilever arm and the extension tube, the heated plate and
the cantilever arm are formed from the first metal and the
extension tube is formed from a second metal dissimilar to the
first metal.

5. The substrate support assembly of claim 4, wherein the
first metal is aluminum and the second metal is stainless steel.

6. The substrate support assembly of claim 4, wherein the
extension tube comprises a bellows.

7. The substrate support assembly of claim 3, wherein the
heated plate comprises:

an upper heated plate forming the substrate supporting
surface;
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a lower heated pate attached to the upper heated plate,
wherein the heating element is sandwiched between the
upper heated plate and the lower heated plate; and

a heating lead attached to the heating element, the heating
lead is disposed in a passage formed in the cantilever
arm.

8. The substrate support assembly of claim 3, further com-
prising a pumping pipe fluidly connected to chucking chan-
nels formed on the substrate supporting surface, wherein the
pumping pipe is disposed in a passage formed in the cantile-
ver arm.

9. The substrate support assembly of claim 8, wherein the
pumping pipe comprises:

a horizontal tube disposed within a recess formed in the

cantilever arm; and

avacuum joint bonding the horizontal tube to the backside
of the heated plate, wherein the heated plate and the
horizontal tube are formed from dissimilar metals, and
the vacuum joint comprises a first portion and a second
portion formed from the two dissimilar metals.

10. The substrate support assembly of claim 3, further

comprising:

one or more sensors disposed in the heated plate; and

a sensing lead connecting the one or more sensors, wherein
the sensing lead is disposed in a passage formed in the
cantilever arm.

11. The substrate support assembly of claim 4, further

comprising:

a second bi-metal joint; and

a bellows coupled to the extension tube by the second
bi-metal joint.

12. The substrate support assembly of claim 3, further

comprising:

a pumping pipe coupled the heated plate by the bi-metal
joint.

13. The substrate support assembly of claim 3, wherein the
first portion and second portion of the bi-metal joint are
coupled together by explosion bonded.

14. A method for processing a substrate, comprising:

placing the substrate a substrate supporting surface of a
substrate support assembly, wherein the substrate sup-
port assembly is supported by a thermal insert disposed

Dec. 19, 2013

in a processing chamber so that the substrate support
assembly does not directly contact a chamber body, and
the substrate support assembly comprises:

a heated plate having a front side and a backside, the front
side including the substrate supporting surface;

a heating element disposed in the heated plate; and

a cantilever arm extending from the backside of the heated
plate, wherein the cantilever arm has a first end attached
to the heated plate near a central axis of the heated plate,
and a second end extending radially outwards from the
central axis; and

heating the substrate using the heated plate of the substrate
support assembly.

15. The method of claim 14, further comprising cooling the
chamber body by supplying a cooling fluid to a cooling adap-
tor connected to the substrate support assembly and the cham-
ber body.

16. The method of claim 14, further comprising coupling a
thermal isolator to the backside of the heated plate at the
central axis of the heated plate, wherein thermal isolator
extends through an opening in the cantilever arm.

17. The method of claim 14, further comprising thermally
isolating the heated plate using a bi-metal joint, wherein the
bi-metal joint comprises a first portion formed from a first
metal and s second portion formed from the second metal
dissimilar to the first metal.

18. The method of claim 17, further comprising attaching
an extension tube to the cantilever arm near the second end,
wherein the bi-metal joint connects between the cantilever
arm and the extension tube, the heated plate and the cantilever
arm are formed from the first metal and the extension tube is
formed from a second metal dissimilar to the first metal.

19. The method of claim 17, further comprising coupling
the first portion and second portion of the bi-metal joint
together by explosion bond.

20. The method of claim 17, further comprising attaching a
heating lead to the heating element, wherein the heating lead
is disposed in a passage formed in the cantilever arm.
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